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Figure 1. Brain networks associated 
with semantic and social cognition.  
This figure contains simplified 
schematics of the brain networks 
purported to be involved in semantic 
and social cognition. Panel A 
illustrates the putative hub-and-
spoke architecture of semantic 
representation, and highlights 
contributions of both modality-
specific association cortex, and a 
supramodal semantic ‘hub’ located 
in the bilateral anterior temporal 
lobes. Although not shown here, we 
acknowledge that medial frontal and 
parietal association cortex (e.g., the 
cingulate and precuneus) may also 
contribute as ‘spoke’ regions. Panel B 
illustrates the broader supramodal 
semantic network, which comprises 
the anterior temporal hub, and 
frontal and posterior temporal 
regions implicated in semantic 
control processes (Lambon Ralph et 
al., 2017). This is contrasted against 
regions hypothesised to comprise a 
domain-general multiple-demand 
network (MDN; Duncan, 2010). Note 
that not all regions of the DMN are 
shown, and some regions overlap 
with those of the semantic control 
network (see text for more details). 
Panel C illustrates lateral and ventral 
brain regions associated with social 
perceptual and cognitive processes. 
This network is also thought to 
include medial structures such as the 























































































































































































































































































































































































































Figure 2. Models of social information processing in the control of automatic imitation. 
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of	brain	regions	that	are	relatively	specialised	for	the	social	information	represented	by	
faces,	bodies,	voices	and	for	reasoning	about	others’	mental	states	(Kanwisher,	2010).	
These	regions	appear	distinct	from	those	associated	with	processing	objects	(Bar,	2004),	
tools	(Culham	and	Valyear,	2006),	places	(Epstein	et	al.,	1999)	and	written	words	
(Dehaene	and	Cohen,	2011).	This	suggests	a	degree	of	stimulus	specificity	in	detecting	
aspects	of	the	social	vs.	non-social	environment.	However,	less	evidence	exists	for	
mechanism-specificity	in	terms	of	controlling	the	activation	associated	with	such	social	
representational	content.	On	the	contrary,	considerable	evidence	exists	to	support	the	
involvement	of	more	domain-general	control	systems	that	span	frontoparietal	cortices	
(Badre,	2008;	Corbetta	et	al.,	2008;	Corbetta	and	Shulman,	2002;	Desimone	and	Duncan,	
1995;	Duncan,	2010;	Miller,	2000).		
In	the	context	of	research	concerning	automatic	imitation,	several	forms	of	
domain-specific	control	or	“social	control”	have	been	proposed	(Figure	2B).	For	
example,	Brass	and	colleagues	(2009)	suggest	that	a	brain	circuit	believed	to	be	involved	
in	mental	state	attribution	is	engaged	when	imitative	tendencies	need	controlling	during	
social	interactions	(see	also	Brass	and	Heyes,	2005;	Spengler	et	al.,	2009;	Wang	and	
Hamilton,	2012).	More	specifically,	Brass	and	colleagues	(2009)	suggest	that	anterior	
medial	prefrontal	cortex	(mPFC)	and	right	temporoparietal	junction	(rTPJ),	two	key	
nodes	of	the	putative	theory	of	mind	network	(Frith	and	Frith,	1999;	Saxe	and	
Kanwisher,	2003;	Van	Overwalle,	2009),	regulate	social	interactions	through	a	process	
of	self-other	distinction.	In	other	words,	it	is	claimed	that	by	separating	self	from	other	
during	social	exchanges,	mPFC	and	rTPJ	play	an	important	role	in	the	regulation	of	
social	interactions.		
Based	on	the	initial	work	by	Brass	and	colleagues	(Brass	et	al.,	2009;	Brass	and	
Heyes,	2005;	Spengler	et	al.,	2009),	which	provided	the	first	account	of	“social	control”	
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in	automatic	imitation,	several	variants	based	on	this	theme	have	followed.	For	instance,	
Wang	&	Hamilton	(2012)	have	suggested	that	social	control	is	governed	through	the	
theory	of	mind	network	exerting	a	top-down	influence	on	other	neural	networks	
associated	with	social	cognition.	By	contrast,	other	researchers	have	proposed	that	a	
process	of	self-other	distinction,	which	is	underpinned	by	rTPJ,	is	engaged	in	a	more	
elaborate	set	of	social	cognitive	functions,	which	extend	beyond	imitation,	and	include	
perspective-taking,	empathy	and	theory	of	mind	(de	Guzman	et	al.,	2016;	Sowden	and	
Shah,	2014).	Moreover,	disruption	to	this	process	has	been	proffered	as	an	important	
contributing	factor	to	social	disorders	such	as	ASD	(de	Guzman	et	al.,	2016).	An	
alternative	domain-specific	proposal	suggests	that	the	control	of	imitation	relies	on	the	
operations	of	the	mirror	neuron	system	(Figure	2C;	Hickok,	2013;	Hickok	and	Hauser,	
2010).	The	mirror	neuron	system	is	activated	during	the	performance	and	observation	
of	action	and	has	previously	been	suggested	to	be	involved	in	imitation	(Iacoboni,	2008).	
These	accounts	all	suggest	that	there	exists	a	specialised	control	circuit	for	regulating	
interactions	with	other	people.		
Some	other	proposals	leave	open	the	possibility	for	a	contribution	of	domain-
general	control	in	imitation	(Figure	3D;	Cross	et	al.,	2013)	or	a	combination	of	both	
forms	of	control	–	domain-general	and	domain-specific	(Figure	3E;	Cross	et	al.,	2013;	
Gowen	and	Poliakoff,	2012;	Heyes,	2011).	For	example,	Gowen	and	Poliakoff’s	(2012)	
model	includes	a	role	for	mPFC	in	regulating	similarity	to	self,	a	process	specific	to	social	
cognition,	whereas	lateral	prefrontal	cortices	are	involved	in	more	domain-general	
processes	including	the	regulation	of	attention	and	inhibitory	control.	The	implication	
here,	and	one	that	we	advocate,	is	that	should	specialized	control	mechanisms	exist,	they	
will	be	nested	among	and	complement	more	general	executive	processes.		
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One	of	the	key	arguments	of	our	proposal	is	that	the	field	needs	to	prioritise	
investigating	how	far	models	of	social	cognition	get	when	they	use	broad	and	
encompassing	definitions	of	executive	and	representational	systems	that	have	been	
established	across	other	domains.	It	is	our	view	that	before	claims	can	be	made	about	
the	existence	of,	or	need	for,	social	domain-specific	control	processes,	future	empirical	
work	must	first	firmly	establish	that	domain-general	and	semantic	control	processes	are	
insufficient	to	account	for	the	social	psychological	phenomenon	at	hand.	To	this	end,	
experimental	designs	should	always	attempt	to	dissociate	the	social	aspect	of	an	
experiment	from	the	other	key	manipulations	(e.g.,	executive	load)	and,	for	example,	
establish	an	interaction	wherein	the	effect	of	interest	(be	it	behavioural	or	
physiological)	is	only	present	when	the	task	or	stimuli	are	socially-relevant.	
Furthermore,	we	believe	that	it	is	essential	that	the	generality	of	an	effect	is	
comprehensively	explored	by	testing	over	a	wide	range	of	experimental	paradigms	and	
using	a	variety	of	measures	(behavioural	and	brain-based)	and	populations	
(neurotypical	and	clinical).		This	serves	to	avoid	unnecessary	fractionation	and	an	
explosion	of	putative	control	processes,	which	serve	all	manner	of	conceivable	sub-
domains	–	e.g.,	imitation,	emotion,	trait	inference,	etc.	By	integrating	more	domain-
general	and	semantic	control	mechanisms	into	our	model	of	social	cognition,	rather	than	
minimising	their	role	or	ignoring	them	completely,	we	aim	to	harness	the	benefits	from	
prior	literature	that	characterises	the	contribution	of	a	highly	developed	and	powerful	
set	of	executive	functions	(Corbetta	et	al.,	2008;	Duncan,	2010;	Lambon	Ralph	et	al.,	
2016).	We	are	not	suggesting	that	social	cognition	would	be	any	less	sophisticated	or	
interesting	if	it	were	not	to	rely	exclusively	on	domain-specific	processes	(Spunt	and	
Adolphs,	2017).		
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By	looking	at	a	particular	test	case	–	the	study	of	automatic	imitation	–	it	is	easy	
to	see	how	the	pursuit	of	domain-specific	processes	may	have	overshadowed	a	role	of	
more	generalisable	systems.	Although	researchers	may	be	ultimately	aiming	for	the	
same	end,	which	is	to	understand	cognitive	and	brain	mechanisms	that	underpin	
specific	social	behaviours,	there	may	have	been	misalignment	between	attempts	to	
understand	stimulus	specificity	and	mechanism	specificity.	By	emphasising	the	potential	
contribution	of	domain-general	processes,	we	provide	a	reminder	to	clearly	distinguish	
between	the	type	of	information	in	the	environment	(social	or	otherwise)	and	the	type	
of	mechanism	that	processes	such	information	(i.e.,	the	level	of	selectivity).		
	 	
5.	How	can	the	CSC	framework	guide	future	social	cognition	research?	
We	offer	four	recommendations	for	future	social	cognition	research	guided	by	the	CSC	
framework.	First,	and	quite	simply,	we	propose	that	when	alternative	models	are	being	
formulated,	it	would	be	useful	to	at	least	consider	the	concepts	of	representation	and	
control,	and	the	degree	to	which	they	are	dissociable.	Indeed,	providing	clear	definitions	
of	a	model’s	architecture	(including	the	associated	neuroanatomy)	and	component	
processes	enhances	the	ability	to	compare	and	contrast	one	theory	to	another	(Gray,	
2017).	Many	of	the	social	cognition	theories	covered	in	this	paper	do	not	make	explicit	
reference	to	terms	such	as	these,	and	we	suggest	they	may	benefit	from	doing	so.	It	
could,	for	example,	be	particularly	important	for	understanding	commonalities	and	
differences	in	the	functions	ascribed	to	certain	brain	regions.	As	outlined	in	Figure	2,	
diagrammatic	illustration	of	model	spaces	can	help	researchers	communicate	in	a	
common	language.	To	be	clear,	though,	we	are	not	proposing	that	the	CSC	framework	
and	the	associated	terms	are	the	only	way	to	characterise	social	cognition.	Rather,	much	
like	in	many	other	domains	of	research,	we	are	suggesting	that	investigators	from	the	
SOCIAL SEMANTICS 
 
27 
social	cognitive	neurosciences	could	take	steps	towards	developing	formalised	
approaches	that	aid	effective	and	informative	comparison	of	models	and	ideas	
(Lenartowicz	et	al.,	2010;	Poldrack	et	al.,	2011).	
Second,	we	argue	against	an	a	priori	need	for	domain-specific	social	processes.	
Rather,	we	suggest	greater	consideration	needs	to	be	given	to	a	role	of	more	
generalizable	systems	and	processes	which	operate	in	social	contexts	because	they	
operate	in	every	context	(to	some	extent).	Only	when	more	general	mechanisms	cannot	
explain	findings,	may	it	be	sensible	to	consider	domain-specific	“social”	processes.	For	
example,	future	research	into	executive	processes	in	social	cognition	should	explicitly	
model,	and	empirically	examine,	the	role	of	domain-general	control	alongside	any	
proposed	form	of	domain-specific	“social	control”	(see	Section	4.2	for	practical	
examples;	Brass	et	al.,	2009;	Brass	and	Heyes,	2005;	de	Guzman	et	al.,	2016;	Sowden	and	
Shah,	2014;	Spengler	et	al.,	2009;	Wang	and	Hamilton,	2012).	This	also	includes	
acknowledging	the	possibility	that	domain-general	control	processes	interact	with	
domain-specific	social	representations	(Darda	et	al.,	2018;	Ramsey,	2018).	Such	a	
position	statement	reinforces	the	important	distinction	between	the	‘socialness’	of	
information	in	our	environment	and	that	of	mental	processes.	That	is,	social	information	
and	processes	(e.g.,	faces,	displays	of	emotion,	social	judgments	etc.)	are	no	less	social	if	
they	are	partly	underpinned	by	mental	processes	that	operate	in	many	domains	(i.e.,	
both	social	and	non-social	contexts).	Although	this	distinction	appears	to	be	an	obvious	
point	to	make,	and	indeed,	it	has	been	made	before	(Adolphs,	2009),	its	significance	for	
theory	development	in	social	cognitive	neuroscience	is	frequently	underappreciated.	
A	third	influence	on	future	research	is	the	potential	for	the	CSC	framework	to	
inform	cognitive	models	that	account	for	atypical	or	disordered	social	cognition,	
including	Autism	Spectrum	Disorder	and	schizophrenia	as	well	as	acquired	social	
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dysfunction	observed	following	stroke,	and	in	neurodegenerative	disease.	The	simple	
distinction	between	representation	and	control	has	been	proven	to	be	clinically-relevant	
in	the	case	of	central	semantic	disorders.	Patients	with	quantitatively	similar	panmodal	
semantic	impairments	have	been	shown	to	dissociate	on	the	basis	of	qualitative	error	
patterns	that	are	consistent	with	either	degraded/lost	representations	or	dysregulated	
access	to	representations.	Disorders	of	representation	are	associated	with	bilateral	ATL	
pathology,	while	semantic	control	impairments	arise	following	frontal	and/or	temporo-
parietal	damage	(Jefferies	and	Lambon	Ralph,	2006;	Thompson	et	al.,	2016).	It	might	
also	be	interesting	to	consider	whether	future	research	might	similarly	dissociate	social	
disorders	on	the	basis	of	representation	versus	control	impairments.	Some	insight	
comes	from	neuropsychological	investigation	of	frontotemporal	dementia	(FTD)	where	
apparently	similar	clinical	presentations	of	social	dysfunction	arise	in	the	context	of	
different	patterns	of	brain	atrophy	and	different	aetiologies	(Binney	et	al.,	2016a;	
Kamminga	et	al.,	2015).	It	is	now	becoming	apparent	that	in	FTD	variants	with	more	
prominent	frontal	lobe	damage,	the	social	impairments	can	be	linked	to	deficits	in	
executive	function,	while	patients	with	greater	temporal	lobe	than	frontal	lobe	damage	
demonstrate	a	much	weaker	association	(Healey	and	Grossman,	2018;	Kamminga	et	al.,	
2015).	In	addition,	in	each	of	these	disorders	or	diseases,	it	may	be	the	interaction	
between	representation	and	control	that	operates	in	an	atypical	manner.	As	a	
consequence,	when	tested	in	isolation,	systems	for	representation	and	control	could	
operate	in	a	perfectly	“normal”	manner,	whilst	these	individuals	would	still	have	
atypical	profile	of	cognitive	function	overall.		
	 Finally,	the	current	paper	was	focussed	upon	models	of	mature	neurocognitive	
systems.	We	did	not	consider,	in	any	detail,	the	emergence	of	social	cognitive	processes	
(Weigelt	et	al.,	2014).	However,	we	recognise	potential	for	our	proposal	to	aid	in	the	
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advancement	of	neurocognitive	models	of	social	development.	In	particular,	we	argue	
that	because	social	cognition	is	a	case	of	semantic	cognition	then,	over	the	course	of	
development,	the	former	should	emerge	from	the	latter.		Such	a	proposal	is	consistent	
with	the	Neuroconstructivist	and	Neuroemergentist	perspectives	(D’Souza	and	
Karmiloff-Smith,	2016;	Hernandez	et	al.,	2019;	Karmiloff-Smith,	2015,	2006),	which	
posit	that	the	development	of	complex	cognition,	including	social	cognition,	involves	the	
combination	of	relatively	simpler	antecedent	cognitive	building	blocks.	A	testable	
prediction	that	arises	from	this	is	that	semantic	and	social	cognition	might	be	less	easily	
distinguishable	at	earlier	than	later	stages	of	development,	and	this	may	manifest	in	
either	behavioural	patterns	or	in	the	engagement	of	brain	networks.		
	
6.	Concluding	remarks	
A	major	challenge	for	the	cognitive	sciences	is	to	characterise	how	we	understand	
others	and	coordinate	our	behaviour	to	achieve	mutually	beneficial	outcomes	(Frith	and	
Frith,	2010).	In	the	above,	we	have	outlined	a	novel	theoretical	framework	for	
understanding	social	behaviour.	Counter	to	a	recent	trend	in	delineating	highly	domain-
specific	models,	this	approach	delivers	clear	foundational	principles	that	can	be	
generalised	to	a	number	of	social	phenomena,	and	can	be	translated	into	
straightforward	and	testable	predictions.	Moreover,	with	time,	it	may	emerge	as	having	
great	potential	to	influence	understanding	of	social	impairments	and	the	development	of	
associated	interventions.	Alongside	this	framework,	we	provide	suggestions	of	how	to	
develop	formalised	approaches	that	could	aid	effective	and	informative	comparison	of	
models	and	ideas	in	the	domain	of	social	neuroscience,	and	cognitive	science	more	
generally.	In	sum,	by	treating	social	cognition	as	just	one	of	the	many	ways	in	which	we	
gather	meaning	from	the	world,	rather	than	a	special	case,	there	is	potential	to	shine	
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new	light	on	the	cognitive	and	neurobiological	mechanisms	that	underpin	social	
information	processing,	and	radically	advance	our	understanding	of	human	interactions,	
both	in	health	and	in	disease.	
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